Intensive care unit (ICU) environment has a very strong and unavoidable negative impact on patients' sleep. Sleep deprivation in ICU patients has been already studied and negative effects on their outcome (prolonged ICU stay, decreased recovery) and complication rates (incidence of delirium, neuropsychological sequels of critical illness) discussed. Several interventions potentially improving the sleep disturbance in ICU (sleep-promotion strategies) have been assumed and tested for clinical practice. We present a review of recent literature focused on chosen types of non-pharmacological interventions (earplugs and eye mask) analysing their effect on sleep quality/quantity. From the total amount of 82 papers found in biomedical databases (CINAHL, PubMed and SCOPUS) we included the 19 most eligible studies meeting defined inclusion/exclusion criteria involving 1 379 participants. Both experimental and clinical trials, either ICU and non-ICU patient populations were analysed in the review. Most of the reviewed studies showed a significant improvement of subjective sleep quality when using described non-pharmacological interventions (objective parameters were not significantly validated). Measuring the sleep quality is a major concern limiting the objective comparison of the studies' results since nonstandardised (and mainly individual) tools for sleep quality assessment were used. Despite the heterogeneity of analysed studies and some common methodological issues (sample size, design, outcome parameters choice and comparison) earplugs and eye mask showed potential positive effects on sleep quality and the incidence of delirium in ICU patients.
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IN TROD UCTI ON
Sleep is one of the basic physiological needs. In the last decade, an unprecedented number of studies have been carried out focusing on sleep deprivation in intensive care unit (ICU) patients. There is increasing evidence that connects sleep deprivation associated with general alterations in a patient's condition with negative biological impacts on the organism (Friese, 2008) . Epidemiological data indicate that sleep deprivation has a mutually conditional relationship, e.g. pain leads to insomnia and sleep deficiency decreases the pain threshold and contributes to the extended periods of wound healing (Mostaghimi et al., 2005) , to the reduction of growth hormone (Ruiz et al., 2007) and to affecting metabolic, endocrine and immunological responses (Spiegel et al., 1999) . Studies confirm an increased incidence of hypertension, heart rate (Arora et al., 2011) , the presence of delirium and confusion (Figueroa-Ramos et al., 2009; Patel et al., 2014) , a decreased performance in daily activities and reduced quality of life, as determined by a questionnaire completed by patients (Martin et al., 2010) .
The studied and documented negative impacts above relate to both the normal population (those from the quotations above that relate to non-ICU population) and specifically to ICU patients, where primarily the influence of sleep deprivation on the incidence of delirium is discussed (Figueroa-Ramos et al., 2009 ) and the neuropsychological consequences of survivors (ICU survivors) within the socalled post-intensive care syndrome (e.g. a cognitive deficit, anxiety, post-traumatic stress disorder) (Desai et al., 2011) .
Two basic groups of techniques for evaluating sleep quality (objective and subjective) are distinguished. Objective techniques include polysomnography (PSG), actigraphy (ACT) and a method of measuring brain activity using the bispectral index (BIS). The greatest advantage of objective methods is the evaluation of both the quantity and quality of sleep (detailed assessment of sleep architecture) (Pisani et al., 2015) . Sporadic studies were carried out in ICUs abroad (on a small sample of patients) using PSG (limitations include technical, cost-related and time requirements). However, their outputs provide valuable information concerning sleep disorders. They confirm the existence of changes not only in terms of quantity, but also of quality. The sleep of ICU patients with altered consciousness (a disorder of consciousness, sedation) is fragmented and its architecture is disrupted (Cooper et al., 2000; Freedman et al., 2001) .
In order to determine sleep quality, nurses use subjective techniques as a simple tool that allows the assessment. At present, there is a variety of self-assessment scales and questionnaires focused upon quantifying and qualifying sleep quality and sleep disorders as well as on factors which have a significant negative effect on ICU patients' sleep.
The Richards Campbell Sleep Questionnaire (RCSQ) is the most commonly used tool for evaluating subjective quality of sleep in ICUs. The questionnaire was created originally for such patients and was validated scientifically (Richards et al., 2000) . Validity, reliability and intrinsic consistency have been confirmed in previous studies (Frisk and Nordstr€ om, 2003; Kamdar et al., 2012; Nicol as et al., 2008) . The RCSQ contains five items (sleep depth, number of awakenings, percentage of time awake and overall quality of sleep). Each item is rated using a 0-100 visual analogue scale (VAS). The total score is derived from the sum of the individual items divided by their number: 0 represents the worst sleep, 100 the best sleep. The RCSQ provides a short, applicable, comprehensive and simple tool to assess sleep quality in the ICU and is the most widespread. Another tool for sleep quality assessment that can be used in an ICU is the Verran and Snydern Halpern Sleep Scale (VSH), which was created in 1987 for hospitalized patients. Different versions are available that include eight to 16 items. The use of subjective assessment tools at the ICU is often very difficult to implement due to the overall condition of a patient with a present or imminent failure of vital functions (including consciousness) (Hoey et al., 2014; Ritmala-Castren et al., 2013) and the mismatch between the assessors, i.e. patientnurse (Kamdar et al., 2012) .
Factors contributing to sleep disorders in ICUs can be divided into two categories (environmental and nonenvironmental), between which there is a significant causal relationship. Non-environmental factors include the underlying disease and the current medical condition of the patient, pain and discomfort, psychosocial factors (stress, anxiety) and medication. Environmental factors include noise, light and nursing interventions (Tembo and Parker, 2009) .
The most cited element causing sleep disorders of ICU patients is noise (Bihari et al., 2012; Li et al., 2011) , which is inconsistent with the results of two studies (Freedman et al., 2001; Gabor et al., 2003) indicating that environmental factors (noise and nursing interventions) are overestimated in relation to sleep disorders. The Environmental Protection Agency (EPA) has issued a recommendation that the noise level in health-care facilities should not exceed 45 decibels (dB) by day and 35 dB at night. Previous studies have shown that the level of noise in intensive care is exceeded consistently within the range of 60-80 dB.
Some major sources of noise include equipment alarms, loud personnel conversations, screams of other patients, telephones and television, etc. In order to achieve and maintain quality sleep, it is necessary to implement organizational measures reducing noise. The principles of so-called sleep promotion strategy are non-pharmacological nursing interventions. Four major domains of the described strategy can be identified: reduction of noise, reduction of light, clustering nursing activities and increasing the patient's comfort (Eliassen and Hopstock, 2011; U gras ß and € Oztekin, 2007) . The introduction of non-pharmacological interventions supporting sleep with the emphasis on using earplugs and eye masks is perceived as an inexpensive tool to improve sleep quality of hospitalized patients. While the measures described are gradually becoming a common part of everyday nursing practice globally, this simple and inexpensive tool in potentially improving the quality of care has not yet been implemented widely in the Czech Republic. The aim of the current work is to comment on the effectiveness of selected non-pharmacological interventions and to provide a basis for discussion of whether these measures may have an impact upon the improvement of the short-term (reduction of delirium, shortening of hospitalization time) and long-term outcomes (reduction of neuropsychological consequences within the post-ICU syndrome).
METH ODS
The aim of this study was to use available recent and relevant literature sources to confirm whether selected non-pharmacological interventions (earplugs, eye masks) have a positive effect on the quality of sleep in ICU patients.
To confirm the tested hypothesis ('the described non/ pharmacological interventions have a positive effect on the quality of sleep in ICU patients'), results of an analysis of available original scientific papers were used. Inclusion/ exclusion criteria and search strategies were defined. Papers meeting the criteria for inclusion were analysed further. These methods were consistent with general principles of evidence-based medicine (Ryan, 2016) .
Inclusion and exclusion criteria
Based on the above research question, the following inclusion criteria were defined: a time-frame of 1990-2015 (older studies were considered outdated), the full text of the paper available in English and original papers in peer-reviewed journals; the exclusion criteria were: only abstracts available, papers published outside the above time-frame and reviews.
Sources
The following literary databases were used: CINAHL, PubMed and SCOPUS.
Search strategy
For the search strategy, the following constructs were used when formulating a query in a patient-intervention-comparison-outcome (PICO) format. In the initial phase of the search, the primary keywords were extended by synonyms 
RESULTS AND AN ALYSIS
A total of 82 studies were found in selected databases. Based on the primary analysis, studies not relevant for the specified area of interest and studies which did not meet the selection criteria (or met the exclusion criteria) were excluded. A total of 19 works was included in the analysis and in the review-three studies were conducted in simulated ICU conditions and 16 studies in real ICU conditions. The process of study selection is presented as a PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram (Fig. 1) . The analysed studies, methods and results are summarized in Table 1 . Effect of the use of earplugs and eye mask in ICU Effect of the use of earplugs and eye mask in ICUAll analysed studies were studies concerning examined interventions-only plugs: five studies; only eye mask: two studies; plugs and eye mask: nine studies; and plugs, mask and music: three studies, individually or in combination (most often against the control group with no intervention). The groups included seven to 100 patients in ICUs (either general or specialized) in tertiary (university) hospitals or in a sleep laboratory. The total number of patients was 1379.
Where the format and method of the study allowed, the statistically significant difference in the outcome of the intervention group was expressed by the effect size using Cohen's d (MedCalc Software, Ostend, Belgium).
The results obtained allow an approximate and very indicative comparison of the effect of the interventions monitored across individual works, but due to the heterogeneity of the studies and their methodological limitations, they are not analysed and discussed further.
An objective assessment of sleep quality measured by PSG or ACT was found in four studies and provides important information on the relationship of the effect of intervention on the sleep architecture. All three experimental studies confirmed the change in sleep architecture in healthy volunteers, with noise exposure based on polysomnography measurements.
An American experimental study (Wallace et al., 1999) confirmed that the use of earplugs reduced rapid eye movement (REM) latency significantly [(mean) without intervention, 147.8 min, confer (cf.) mean after intervention 106.7 min, P = 0.02] and increased the percentage of REM sleep statistically significantly (14.9% without intervention, cf. 19.9% with intervention, P = 0.04). The Chinese experimental study (Huang et al., 2015) confirmed a statistically significant reduction in sleep onset latency (71.4 min AE 25.6, cf. 46.6 min AE 21.6, P = 0.01) when applying the examined intervention (earplugs and mask), lower number of awakenings (15.1 AE 3.3, cf. 10.5 AE 3.2, P = 0.001) and a lower sleep arousal index (number of awake reactions per hour) (9.8 AE 3.0, cf. 5.5 AE 2.1, P = 0.000). Another experimental Chinese study (Hu et al., 2010) confirmed the use of earplugs and eye masks to increase the percentage of REM sleep statistically significantly (9.3% AE 4.3 without intervention, cf. 12.9 AE 4.3% with intervention, P = 0.005), REM latency reduction (min) (146.9 AE 56.2, cf. 105.7 AE 47.0, P = 0.013) and a lower sleep arousal index (15.1 AE 6.2, cf. 12.2 AE 6.5, P = 0.04). The French randomized study (Le Guen et al., 2014) carried out on the post-anaesthesia care unit (PACU) evaluated the objective parameters of the effect of the intervention (earplugs and mask, cf. routine care) using an ACT device on a non-dominant limb for 12 h (20:00-8:00 hours) on the first postoperative night. Based on the results, there was no statistically significant difference between the intervention/controlled group.
Three studies used levels of melatonin metabolite (6-SMT: 6-sulphatoxymelatonin) cortisol in urine/serum as an objective and quantifiable parameter. In a study by Hu et al. (2010) , two samples were taken at 22:00 and 7:00 hours during the observed nights. The study showed evidence of a positive effect of eye mask and earplugs on melatonin secretion (P = 0.002; cortisol without statistically significant change, P = 0.14). Huang et al. (2015) evaluated the melatonin levels in the serum (samples taken at 20 : 50 and 22:00-06:00 hours every hour over three nights). The melatonin level in the serum was reduced statistically significantly after ICU simulation exposure (P < 0.05). In the observed group with exogenous melatonin substitution (1 mg after) at 21:00 hours, a statistically significantly higher maximum level (P < 0.001) was confirmed. The authors consider the exogenous melatonin substitution as a more effective method than the isolated use of earplugs and eye masks. A randomized controlled study (Hu et al., 2015a,b) for the period of 2 nights (before and after intervention) in a surgical ICU analysed the collection of night urine (12 h from 20:00 to 08:00 hours) to 6-SMT and cortisol. There were no statistically significant differences in the intervention/controlled groups at the levels of nightly secretion of selected hormones.
Sleep quality was evaluated subjectively most frequently using different questionnaires (six authors used original questionnaires and 12 used standardized questionnaires). The results were then analysed statistically and statistical significance verified.
Three authors used the Richards Campbell Sleep Questionnaire (RCSQ): in their study, Hu et al. (2015a,b) confirmed a statistically significant improvement in subjective sleep quality in all five items of the intervention group (P < 0.05). Dave et al. (2015) confirmed a better overall RCSQ score for the duration of interventions (P < 0.001), while the questionnaire in the study by Kamdar et al. (2013) did not confirm statistically the improvement in the subjective quality of sleep after interventions [pre-54.5 (27.1), cf. post-53.2 (27.3), P = 0.25].
Five authors used the Verran and Snydern Halpern Sleep Scale (VSH) in various modifications. Scotto et al. (2009) and Ryu et al. (2011) used the eight-item version. The first study confirmed a statistically significant improvement in the total sleep score for the intervention group (P = 0.002) and confirmed a statistically significant improvement in seven of eight items. In the experimental group, the second study confirmed a longer sleep duration (279.31 AE 43.99/ 243.10 AE 42.68, t = 3.18, P = 0.002) and differences in sleep quality (36.14 AE 5.68/29.41 AE 3.85, t = 5.26, P < 0.001). Mashayekhi et al. (2013) , Yazdannik et al. (2014) and Bajwa et al. (2015) used the 16-item version. The first study confirmed statistical improvement in subjectively perceived sleep quality in all three subscales (disturbance, effectiveness, supplementation) (P < 0.05). The second study confirmed the statistically significant effect of intervention on the subscales of effectiveness and disturbance (P < 0.001), but a statistically significant difference in the supplementation subscale was not confirmed. The third study confirmed a statistically significant improvement in all three subscales (disturbance, effectiveness, supplementation) (P < 0.001). Three authors (Babaii et al., 2015; Daneshmandi et al., 2012; Neyse et al., 2011) used the Pittsburgh Sleep Quality Index (PSQI). The first study confirmed statistically significant differences in five of the seven monitored domains (P < 0.05), the second study confirmed a significant improvement in sleep quality after intervention in the total sleep quality score (10.46 AE 4.09/4.86 AE 1.88, P < 0.000) and the third study was in agreement with the results of the second study with the total sleep quality score (10.3 AE 6.3/6.3 AE 2.1, P < 0.001).
One author, Le Guen et al., 2014, used the Medical Outcome Study Scale (MOSS) and the Spiegel Scale (SS) and confirmed a statistically significant improvement after the intervention [20 (4)/15 (5), P = 0.006].
Some authors (Haddock, 1994; Hu et al., 2010; Huang et al., 2015; Jones and Dawson, 2012; Richardson et al., 2007; Van Rompaey et al., 2012) used their original questionnaires, which included a different number of items (five to 12) with a different content focus, and in many cases they represented an additional method for objective assessment or sleep was determined as a secondary outcome. Due to the significant variability or absence of their detailed specifications, questionnaires will not be analysed in more detail. However, there is a consensus on the positive effect of the interventions under investigation on the subjective quality of sleep.
In most of the works studied, a statistically significant difference was found in the key observed parameters describing the subjective quality of sleep, which is evidence of the observed measures supporting sleep.
Some of the observed works set out other partial goals of delirium incidence (three studies). A Belgian randomized study (Van Rompaey et al., 2012) confirmed the strong benefit of the observed intervention (earplugs) in reducing the incidence of confusion and early delirium during the night. Cox regression analysis revealed a reduction in the risk of early development of delirium and confusion by 53% [hazard ratio (HR): 0.47 (95% confidence interval (CI): 0.27-0.87]. The study confirmed that patients in the intervention group experienced a significant improvement in subjective sleep quality during the first night observed (P = 0.042). An American observational study with a pre-and post-design (Kamdar et al., 2013) confirmed a statistically significant reduction in the delirium incidence of the investigated interventions: pre-phase: (22%), cf. post-phase (49%; OR: 0.46, 95% CI: 0.23-0.89, P = 0.02) and confirmed a statistically significant difference in the occurrence of the daily delirium-free status in patients in the pre-phase (43%) cf. post-phase (48%; OR: 1.64, 95% CI: 1.04-2.58, P = 0.03). A French randomized study (Le Guen et al., 2014) confirmed a statistically significant reduction in the incidence of postoperative disorientation in the intervention group (control group 14%, cf. intervention group 0%, P = 0.01).
Medication consumption as a subtarget was observed in three studies. An Iranian study (Yazdannik et al., 2014) did not confirm the statistically significant decrease in narcotics (pharmaceuticals not specified in more detail) after intervention (earplugs and mask) in the groups (3.12 mg narcotics cf. 2.32 mg narcotics, P = 0.282). Conversely, another Iranian study (Neyse et al., 2011) confirmed the positive effect of this intervention on the consumption of sleep medications (pharmaceuticals not specified in more detail) (before 1.6 AE 0.89/ after 0.93 AE 0.58, P = 0.04). The results are in agreement with the French study (Le Guen et al., 2014) , which confirmed the reduced consumption of morphine [27 (17) mg and 15 (12) mg, P = 0.02].
DISCUSSION
Selection of the evaluation tool is a very important influencing factor when evaluating the studies. It is apparent from the studies included in this review that the authors used different techniques to evaluate sleep quality. Three studies (Hu et al., 2010; Huang et al., 2015; Wallace et al., 1999) used the method of objective evaluation by a polysomnography device (PSG) alone or in combination with other methods. A significant limitation of these studies is their experimental nature. In the above studies, the effect of the observed interventions on sleep architecture was confirmed: the number and duration of REM phases, the proportion of REM and non-REM phases, the REM sleep latency and the number of arousals. A study (Le Guen et al., 2014) at the PACU used a combination of the objective sleep evaluation by ACT and subjective evaluation; this study did not confirm the objective changes in the sleep quality and quantity monitored with ACT, although the patients reported improvement subjectively (confirmed by a significant decrease in morphine consumption during the first 24 h after intervention in the intervention group). The benefit and suitability of ACT as a tool for the objective assessment of sleep quality is questionable in conditions of intensive and peri-operative care, as the rate of self-motor activity is reduced significantly by the somatic condition of the patients (postoperative condition, pain, acute critical illness, etc.) and drugs dampening the central nervous system (analgesia, sedation).
In the authors' attempt to objectify the impact of the assessment of investigated interventions, studies evaluating the levels of selected hormones (cortisol, melatonin) and their metabolites (6-SMT in serum/urine) were carried out. The differences in methodology (healthy volunteers and patients), collections and study design represent major limitations, and it can be assumed that the severity of patients' diseases can distort and affect levels of these hormones significantly.
From the available studies in this overview it is clear that the authors most often used various subjective techniques to evaluate the sleep quality. One of the outcomes of this review is the confirmation of the significant variability in the selection of a subjective assessment tool: an original questionnaire focused on subjective sleep quality was developed in six studies and standardized questionnaires (with available psychometric data) in 12 studies. Due to different characteristics and methodological inconsistencies, the analysed ª 2017 European Sleep Research Society works were not analysed systematically according to the recommended and accepted methodology (Ryan et al., 2013) . Significant differences in the design of the evaluation of the sleep quality in individual studies do not allow for a full comparative systematic statistical meta-analysis.
Despite the significant variability of the assessment tools, it can be concluded from comparison of the obtained results that there is agreement between the studies on the positive effect of interventions on the subjective quality of sleep (clinically significant impact of the examined intervention confirmed). In terms of bias and confounding factors it is necessary to take into account the number of nights monitored. The number of nights monitored in the reviewed studies ranged from one to eight. For the purpose of critical analysis of the nights observed, in the study by Van Rompaey et al. (2012) a positive effect of the intervention was confirmed only during the first day of hospitalization (2-4 nights without subjective improvement); other studies did not confirm or evaluate this phenomenon.
Three studies (Kamdar et al., 2013; Le Guen et al., 2014; Van Rompaey et al., 2012) confirm that the examined interventions reduce the incidence of delirium significantly. These outcomes are in agreement with the observational study by Patel et al. (2014) and the meta-analysis by Litton et al. (2016) , which confirmed the positive effect of a multicomponent treatment protocol with the emphasis on the need for sleep and delirium. The additional positive effect can be attributed to the mechanism of action of the observed interventions (reduction of the noise and light transmission) and thus to the reduction of noxious harmful effects.
In order to integrate and assess effectiveness, the comfort of the method was monitored in seven studies. In the studies by Scott et al. (2009) and Richardson et al. (2007) , the respondents evaluated the method as uncomfortable, and in the study by Huang et al. (2015) discomfort was confirmed only in the case of earplugs (eye mask evaluated as comfortable). In the remaining studies, respondents rated the interventions as comfortable.
When evaluating the effect, three studies assessed their effect on sleep/analgesic medication. A causal relationship of medical reduction was confirmed in the intervention group in two reviewed studies (Le Guen et al., 2014; Neyse et al., 2011) ; one study did not confirm this relation (Yazdannik et al., 2014) . The absence of specific drug groups (two studies) is an important limitation for the evaluation of the effect being studied. The positive effect of the sleep protocol on sedative consumption was also confirmed significantly in many previous studies.
In nursing practice, there is a number of other alternative techniques available to achieve the highest possible sleep quality in an ICU. Alternative and complementary practices in patient care are becoming increasingly important in both the non-professional and professional community, where a particular role is beginning to be attributed to them according to the principles of evidence-based medicine (EBM). The most important non-pharmacological sleep-promoting strategies that can be used in an ICU include music therapy, aromatherapy, acupressure, massage, phototherapy, relaxation and the integration of hygiene protocol of sleep care (Hu et al., 2015a,b) .
There is no principle focused on the need for a sleep set-up in the Czech Republic. There are somewhat partial efforts to put non-pharmacological interventions (earplugs, eye masks) into practice. The current recommendation of the Czech Society of Intensive Care Medicine, which is based on a global recommendation on sedating adult patients in an ICU, stipulates that achieving and maintaining sleep with the use of all available measures should be an integral part of the comprehensive procedure for all patients in an ICU.
Limitations of the study and recommendations
This study includes only findings published in the English language and in available databases. The quality of the present literary evidence is limited by a lower number of quality works. Critically assessing the level of the evidence quality, it can be stated that the variability in the design of the studies is a serious limitation of the overview. Differences in quality sleep assessment methodology in individual studies do not allow for a full comparative systematic statistical meta-analysis.
For a valid assessment of the contribution of the sleep supporting interventions in intensive care (compared to standard nursing procedures) a high-quality, multi-centric, randomized study would be needed.
Implications for practice
Sleep disorders are extremely frequent among all ICU patients compared to the general ward patient population Sleep deprivation and disturbed sleep quality have clear and straightforward consequences for patients' level of distress Interventions improving the quality of sleep could affect the global critical care outcome of ICU survivors and should be a part of good-quality clinical practice in the future Selection of non-pharmacological sleep-promoting interventions (earplugs, eye masks) may have a beneficial effect on subjectively perceived sleep quality
CONC LUSION
Lack of sleep of adequate quality and length in an ICU is a significant negative factor affecting the quality of provided care. Saturation of the need for sleep is in many ways extremely problematic, due especially to the difficulty of evaluating sleep quality. However, at present, literary works agree on the importance of non-pharmacological strategies used for inducing sleep in ICUs.
Analysis of identified studies suggests that the observed non-pharmacological interventions (earplugs and eye mask) ª 2017 European Sleep Research Society may have a positive effect on the subjective sleep quality of patients in an ICU. A large number of other quality studies would be necessary to confirm this.
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